Abstract This study examined the self-reported expression of overt aggressive behaviors and covert emotional and cognitive processes in adolescents diagnosed with ADHD and comorbid disruptive behavior disorders (DBDs) during childhood. Methods: Participants were a clinically referred sample of 85 individuals diagnosed with ADHD, initially recruited in the early to mid 1990s when they were 7-11 years of age. At that time, 44 (52%) met criteria for a comorbid diagnosis of ODD and an additional 22 (26%) met criteria for a comorbid diagnosis of CD. Approximately 10 years later, these youth, along with an age-matched comparison sample (n = 83), were re-evaluated to assess a wide array of outcomes including physical and verbal aggression, anger, and hostility. Results: Individuals diagnosed with ADHD + CD in childhood reported elevated levels of physical aggression when compared to Controls and the ADHD-only group. Individuals diagnosed with ADHD + ODD had elevated levels of verbal aggression compared to Controls. Additionally, both comorbid groups experienced significantly greater amounts of anger, but not hostility, as compared to Controls. Importantly, the persistence of ADHD symptoms into adolescence accounted for most group differences in verbal aggression and anger at follow-up, but not physical aggression, which was accounted for by childhood CD. Conclusion: Adolescents diagnosed with ADHD and comorbid disruptive behavior disorders during childhood report high levels of aggression associated with increased emotionality in the form of anger, but not hostile cognitions. These findings suggest that in
behavior with physical and verbal forms of expression, the tendency to aggress is often influenced by the underlying emotional and cognitive processes of anger and hostility [22] . Elevations in anger, the emotional or affective aspect of aggressive behavior, and hostility, a negative evaluation of persons and things, have been correlated with increased expressions of physical and verbal aggression [23, 24] . Yet, the emotional and cognitive factors that often underlie aggressive behavior have largely been overlooked in the ADHD literature. In part, this may be attributed to the lack of distinction among the behavioral, emotional, and cognitive factors often associated with the trait of aggression.
However, research in social cognitive learning theory has provided some insights into the emotional and cognitive processes involved in aggressive behavior that can be applied to individuals diagnosed with ADHD to further our understanding of aggressive outcomes in these individuals. In their landmark paper, Dodge and Coie [25] showed that hostile attributional bias, the likelihood of interpreting hostile intent in another's actions, was found in children primarily exhibiting reactive, impulsive/provoked, but not proactive, instrumental/unprovoked, aggressive behaviors. According to these authors, this perception of hostile intent and the experience of anger that stems from this perception result in aggressive behavior.
This study examined in adolescents diagnosed with ADHD with and without comorbid DBD diagnoses during childhood, self-reported overt aggression and the covert emotional and cognitive processes that presumably influence these behaviors. Additionally, we assessed the degree to which the persistence of ADHD symptoms into adolescence accounted for aggression and associated emotional and cognitive processes. It was hypothesized that, compared to never-ADHD Controls and those with childhood ADHD without a comorbid DBD, adolescents with comorbid ODD during childhood would be characterized by elevated levels of verbal aggression while adolescents with comorbid CD during childhood would have elevated levels of physical aggression. Additionally, adolescents diagnosed with ADHD would differ on measures of anger and hostility when compared to Controls and the differences in physical, emotional, and cognitive measures of aggression would be accounted for, in part, by the persistence of ADHD symptoms into adolescence.
Method

Participants
Participants were a clinically referred sample of 85 children (75 males) diagnosed with ADHD who were initially recruited as part of a larger study (n = 169) in the early to mid 1990s when they were 7-11 years of age. Because the original study was not designed as a longitudinal investigation, ongoing sample maintenance procedures were not in place until a later date. Of these 169 participants, 18 refused participation in the follow-up, one was known to be deceased, seven were incarcerated, and 58 were lost to follow-up at the completion of this study. Those who did and did not participate in the present study did not differ significantly (P [ .10) on any parent or teacher behavioral ratings during childhood. Thus, the included sample is likely to be representative of the original group.
Among these 85 children, 44 (52%) met criteria for a comorbid diagnosis of ODD and an additional 22 (26%) met criteria for a comorbid diagnosis of CD (20 of whom also met symptom criteria for ODD). There was no significant difference (P [ .10) in the distribution of males and females across the diagnostic subgroups. The sample was reevaluated on average 9.11 (SD = 1.5) years later at a mean age of 18.23 (SD = 1.36) years. Exclusionary criteria at entry during childhood included having a chronic medical condition that required systematic medication, schizophrenia, a pervasive developmental disorder, Tourette's disorder, or having a Full Scale IQ \70.
A comparison group of 83 adolescents (73 males), with a mean age of 18.63 (SD = 1.64), who never had ADHD was recruited at the time of follow-up. The control sample was recruited through online advertisement and the distribution of informative flyers in proband-matched socio-economic neighborhoods. Exclusionary criteria for controls were consistent with those for probands, but they could not have a prior history of ADHD or treatment for ADHD-related symptoms. Other disorders were not considered exclusionary, in order for this group to be representative of non-ADHD youth in the community. As indicated in Table 1 , the groups were highly similar with respect to age and socio-economic status (SES), as determined by Nakao and Treas' [26] measure of socioeconomic prestige, and did not differ in sex distribution. However, those in the ADHD + CD group had lower Verbal and Full Scale IQ scores as compared to Controls and those in the ADHD-only group. Participants in this study were ethnically diverse: 32% Hispanic or Latino, 23% Non-Hispanic Caucasian, 26% African American, 1% Asian, and 18% of mixed or other ancestry. This study was conducted in a large metropolitan area. Nearly all participants were urban dwellers. All participants and contributing parents were proficient in English. All procedures were approved by the Institutional Review Boards of the participating institutions. Written informed consent was obtained from all adolescents above the age of 18 years and the parents of those under the age of 18 years. Assent was obtained from youth under 18 years old.
Childhood Evaluation Measures
At baseline, participants were administered a comprehensive assessment battery that evaluated general cognitive and psychiatric functioning. Cognitive functioning was measured with either the Wechsler Intelligence Scale for Children Revised (WISC-R) or the Wechsler Intelligence Scale for Children Third Edition (WISC-III), depending upon when the child entered the study. The Child Behavior Checklist (CBCL; [27] ) and the IOWA Conners Teacher questionnaire (IOWA; [28] ) were used to measure behavioral functioning.
Diagnoses of ADHD, ODD, and CD were determined during childhood using the NIMH-Diagnostic Interview Schedule for Children (DISC). This highly structured psychiatric diagnostic interview has been shown to be highly reliable when administered to parents, although reliability, when administered to children under the age of 11 years has been questioned [29] . Participants were assessed by administering to their parent either the DISC version 2.3 [29] which reflects the diagnostic criteria of the Diagnostic and Statistical Manual of Mental Disorders Third Edition Revised (DSM-III-R) [30] or with the DISC version 3.0 which reflects the diagnostic criteria of the DSM-IV [1] , again, depending upon when they entered the study. Those diagnosed using DSM-IV all met criteria for ADHDCombined type, and they did not significantly differ from those diagnosed using DSM-III-R criteria on any behavioral measures. Table 2 shows the childhood characteristics of the ADHD, ADHD + ODD and ADHD + CD groups and indicates significant elevations among the comorbid groups on measures of aggression and delinquency.
Adolescent Evaluation Measures
As part of the follow-up evaluation, all participants completed the Buss-Perry Aggression Questionnaire (AQ) [22] , which is a revision of the Buss-Durkee Hostility Inventory [31] ; the State-Trait Anger Expression Inventory-2 (STAXI-2) [32] ; and an ADHD symptom checklist that is analogous to the SNAP-IV [33] and consisted of all 18 DSM-IV Inattentive and Hyperactive-Impulsive items. The AQ is a 29-item self-report questionnaire that measures four factors or subtraits of aggression: Physical Aggression, Verbal Aggression, Anger, and Hostility. It has been shown to be a reliable and valid measure of aggression cross culturally [34, 35] and among the general population [35] . For each item, respondents rate themselves on a 5-point Likert scale, with a rating of 1 being extremely uncharacteristic and a rating of 5 being extremely characteristic of the respondent. Buss and Perry [22] defined these four measures of aggression into three domains of behavior: Physical and Verbal Aggression represent the overt or motor component of behavior as they involve hurting or harming others. Anger, which represents the emotional or affective aspect of behavior, is defined by physiological arousal and preparation to aggress. Hostility is defined by feelings of ill will and injustice and represents the cognitive component of aggressive behavior. The STAXI-2 is a 57-item self-report questionnaire that measures state and trait experience of anger as well as the expression and control of anger. To date, it has been used in over 400 published empirically based research studies ranging from anger management to coronary heart disease and has been shown to be a valid and reliable measure of state and trait anger [32] . The STAXI-2 is divided into three scales and nine subscales. The state anger scale (S-Ang) is characterized by current feelings ranging from mild irritation to rage. The overall S-Ang scale consists of three subscales: Feeling Angry (S-Ang/F), measures current experience of anger, Feel Like Expressing Anger Verbally (S-Ang/V) measures current angry feelings related to verbal expression, and Feel Like Expressing Anger Physically (S-Ang/P) assesses current angry feelings related to physical expression. The trait anger scale (T-Ang) measures the experience of angry feelings over time and is comprised of two subscales: Angry Temperament (T-Ang/T) assesses the likelihood of experiencing anger without being provoked and Angry Reaction (T-Ang/R) measures the experience of anger with provocation. Additionally, the STAXI-2 provides an overall index (AX Index) of anger expression based on four measures of anger expression and control. Anger expression is comprised of Anger Expression-Out (AX-O), anger expressed toward persons or objects, and Anger Expression-In (AX-I), anger experienced, but not expressed. Anger control is comprised of Anger Control-Out (AC-O), the ability to prevent the expression of anger toward others or objects and Anger Control-In (AC-I), the degree to which one can effectively deal with feelings of anger. Severity of ADHD symptoms was determined by adolescent self-reports and parent ratings on a DSM-IV ADHD symptom checklist which consisted of all 18 DSM-IV Inattentive and Hyperactive-Impulsive items. This scale was independently completed by parents and adolescents and measures the presence and severity of nine hyperactiveimpulsive and nine inattentive ADHD symptoms as they apply to the adolescent. Individual symptoms were rated on a 4-point Likert scale, with a rating of 0 being extremely uncharacteristic and a rating of 3 being extremely characteristic of the adolescent. Analogous DSM-IV ADHD checklists have been used by a number of investigators and have been consistently found to have adequate reliability [36] . In our hands, reliability of the scale was quite strong with coefficient alpha values for the adolescent report of inattention and hyperactivity/impulsivity being .92 and .90, respectively. For parent ratings, the alpha levels for those domains were .95 and .94.
Statistical Analyses
To examine the relationship of childhood comorbid diagnoses to outcome, two multivariate analyses of variance (MANOVA), followed by one-way analyses of variance (ANOVA), and Tukey HSD Post Hoc tests were conducted. Bonferroni corrections were employed on all follow-up ANOVAs. Childhood status (Control, ADHD, ADHD + ODD, ADHD + CD) was entered as the independent variable and the four AQ factor scores constituted the dependent variables for one MANOVA. The three STAXI-2 scale scores were entered as the dependent variables for the second MANOVA. Subscale analyses for the STAXI-2 were only conducted if the broader scale differed significantly across the groups. To examine the degree to which outcome on these dependent measures was accounted for by the persistence of ADHD symptoms into adolescence, these analyses were repeated using self-and parent-report of adolescent ADHD symptoms as covariates. Because of previously mentioned group differences, MANOVAs were reanalyzed, controlling for Verbal IQ. These reanalyses did not appreciably affect findings on any dependent measures, therefore they are no longer discussed. For all analyses, effect sizes are reported as partial eta squared (g p 2 ).
Results
The Aggression Questionnaire (AQ)
The MANOVA omnibus test looking at AQ scores as a function of childhood diagnosis generated a significant Wilks' Lambda value (P \ .001; g p 2 = .09). Follow-up one-way ANOVAs generated significant group effects for Physical Aggression [F(3,164) = 7.03, P B .001; g p 2 = .11], Verbal Aggression [F(3,164) = 6.1, P B .001; g p 2 = .10], and Anger [F(3,164) = 9.67, P B .001; g p 2 = .15]. Significant group effects were not found for the Hostility factor [F(3,164) = 1.95, P = .12; g p 2 = .04]. As indicated in Table 3 , Tukey HSD post hoc tests revealed that those with childhood ADHD + CD had significantly elevated levels of Physical Aggression relative to Controls (P B .001, g p 2 = .15) and ADHD probands without comorbid DBD diagnoses (P = .01, g p 2 = .24), but not those with ODD. Only, the ADHD + ODD group was found to have significantly (P B .001, g p 2 = .12) elevated levels of Verbal aggression as compared to Controls. Both the ADHD + CD (g p 2 = .18) and ADHD + ODD (g p 2 = .14) groups had significantly (P B .001) higher levels of Anger as compared to Controls.
STAXI-2
The MANOVA omnibus test examining STAXI-II scores as a function of childhood diagnosis generated a significant Wilks' Lambda (P B .05; g p 2 = .05). As shown in Table 4 , individual one-way ANOVAs generated significant group effects on the measure of trait anger (T- .04]. Post Hoc tests revealed that, relative to Controls, both comorbid groups expressed significantly higher levels of trait anger reflected in significant elevations on measures of angry temperament (T-Ang/T) (both P \ .01, g p 2 = .09-.12). Similarly, the ADHD + ODD (P B .001, g p 2 = .11) and ADHD + CD (P \ .05, g p 2 = .11) groups significantly differed from Controls on a general measure of anger expression and control (AX-Index). While the ADHD + ODD and ADHD + CD (both P B .01, g p 2 = .08-.10) groups differed from Controls on a measure of outward control of anger (AC-O), only the ADHD + ODD group (P B .001, g p 2 = .16) was found to significantly differ from Controls on outward expression of anger towards others and objects (AX-O).
Adolescent ADHD Symptoms
One-way ANOVAs examining adolescent ADHD symptomatology as a function of childhood group status revealed significant differences on parent [F(3,160) = 43.33, P B .001, g p 2 = .44] and adolescent [F(3,167) = 24.99, P B .001, g p 2 = .31] report. Not surprisingly, post hoc tests indicated that all three groups with ADHD in childhood displayed significantly higher rates of adolescent ADHD symptoms when compared to Controls, but importantly, severity of ADHD symptoms did not differ significantly among the probands as a function of childhood comorbid status. Reanalysis of previous findings, controlling for adolescent ADHD severity, indicated that ADHD symptom persistence accounts for differences previously seen on all measures of anger (AQ and STAXI-II) and verbal aggression. After controlling for adolescent ADHD symptom severity, childhood status was only related to adolescent physical aggression. This was the case irrespective of whether ADHD ratings were completed by the parent [F(3,153) = 3.04, P = .031; g p 2 = .06] or adolescent [F(3,161) = 2.92, P = .036; g p 2 = .06].
Discussion
To further clarify the relationship between childhood ADHD and adolescent aggression, this study sought to compare overt aggression, anger, and hostility in adolescents initially diagnosed with childhood ADHD-only, ADHD + ODD, and ADHD + CD. These three groups were compared to each other and to a non-ADHD control group recruited in adolescence. This study further examined adolescent aggression, anger, and hostility as a function of the persistence of ADHD into adolescence as rated by parents and adolescents. Initial analyses indicated that, in individuals diagnosed with ADHD, the presence of a comorbid DBD in childhood is associated with differences in overt aggression in adolescence. Individuals diagnosed with ADHD + CD were found to have significant elevations on a measure of physical aggression when compared to Controls and those who had ADHD only, while individuals diagnosed with ADHD + ODD displayed significant elevations on a measure of verbal aggression compared to Controls. Additionally, both comorbid groups differed from Controls on multiple measures of anger. Reanalysis of the data controlling for differences in Verbal IQ did not affect findings on any dependent measures. This study did not find significant group differences on a measure of hostility, suggesting that the elevated rates of overt aggression were more related to underlying emotional rather than cognitive processes.
As expected, those with childhood ADHD had significantly higher levels of ADHD symptoms in adolescence as compared to Controls. However, the ADHD-only, ADHD + ODD and ADHD + CD groups, as defined during childhood, did not differ significantly in severity of ADHD symptoms during adolescence. Reanalysis of the data controlling for adolescent ADHD symptom severity (or persistence), did not affect findings with regard to physical aggression, which was still elevated in those with childhood CD. However, adolescent ADHD status accounted for group differences on measures of verbal aggression and anger.
The results of this study support previous findings in the literature that among individuals diagnosed with ADHD in childhood, later physical aggression is best explained by comorbid CD. However, our results also indicate that elevations in verbal aggression and anger are best explained by the persistence of ADHD symptoms and not childhood comorbidity.
That persistence of ADHD symptoms explained significant differences initially seen among comorbid groups on measures of anger on both the AQ and STAXI-2 strengthens the argument that ADHD is associated with increased emotionality. While this is not considered a core symptom of the disorder, it is frequently noted to be present, and is often a target of treatment in older patients with ADHD [37] . Such interventions range from treatment with anti-epileptic and antipsychotic medications targeting mood regulation to an array of cognitive-behavioral/psychotherapeutic treatments [38, 39] . Further, the experience of angry feelings in adolescents with ADHD appeared to be stable and persistent, suggesting that anger in adolescents with persistent ADHD is a trait behavior, rather than an acute, or intermittent state. Consistent with these findings of emotional dysregulation in adolescents with childhood ADHD, recent data suggest elevated rates of Cluster B personality disorders among adults with ADHD [40, 41] . As such, it is possible that this emotional dysregulation contributes to the well-documented functional impairment that characterizes the adult outcome of so many individuals with ADHD [42, 43] .
Interestingly, significant group differences were not seen on measures of hostility. This is surprising given that research in social cognitive learning theory has shown hostile attributional biases to exist in children displaying reactive but not proactive aggressive behaviors. While this study did not distinguish between proactive and reactive aggressive behaviors, it is likely that both forms of aggression were represented in our sample. Waschbusch and colleagues [44] showed that boys diagnosed with multiple DBDs were more highly reactive to provocation when compared to normal and non-comorbid peers. However, other studies have not found significantly high levels of hostility in boys meeting criteria for ODD or CD [45, 46] As these relationships are currently unclear, future studies may wish to further explore the association between reactive and proactive aggression, hostility, and their association with childhood disruptive behavior disorders.
These findings must be viewed within the context of some study limitations. Perhaps most importantly, is the disparity in sample size that existed between groups. The relatively low number of individuals diagnosed with ADHD alone limited the power to detect differences specifically related to this group. Additionally, that this study was conducted in a large metropolitan area with most participants being male, may limit the generalizability of these findings. Due to the small number of females in the sample, it is likely that our findings primarily reflect the emotional dysregulation associated with ADHD and aggression in males. Our sample was not adequate for a systematic evaluation of gender effects. It is quite possible that findings would be different in females in that several studies have suggested that females express their aggression differently from males. Whereas young boys and adolescents are often described as impulsive and physically aggressive, aggression in girls is more typically described as less direct and more socially ostracizing and isolating [47] . It is notable that all of our primary dependent measures were in the form of self-report. Had parental or spousal report been used, it is possible that findings would not be identical. Finally, the fact that many of the original participants were lost to followup is potentially problematic; however, because the included sample did not differ on any childhood ratings from those that were lost to follow-up, it is likely that they are representative of the original group.
Overall, this study examined the self-reported expression of overt aggressive behaviors, covert emotional and cognitive processes, and the influence of the progression of ADHD symptoms in adolescents diagnosed with ADHD and comorbid disruptive behavior disorders during childhood. A systematic progression of analyses resulted in significant differences among both comorbid groups on measures of physical and verbal aggression and anger when compared to Controls. Adolescent ADHD symptomatology was found to account for differences in verbal aggression and anger, but not physical aggression, which was significantly associated with a comorbid diagnosis of CD. These results indicate that, in adolescents diagnosed with ADHD during childhood, aggression is not purely a function of comorbidity, but is mediated, in part, by the emotional experience of anger, which is associated with the persistence of ADHD symptoms into adolescence. These findings suggest that in addition to inattention and hyperactivity/impulsivity, emotional dysregulation may be an important component of ADHD and should be considered when making diagnoses. Additionally, findings further indicate that treatments targeting emotional liability may be appropriate for those with and without comorbid DBDs.
Summary
In summary, this study examined the self-reported expression of overt verbal and physical aggressive behaviors, covert emotional feelings of anger, and the cognitive process of hostility in adolescents diagnosed with ADHD and comorbid ODD and CD during childhood. Participants were longitudinally followed and re-evaluated about 10 years later along with an age-matched comparison sample. Those diagnosed with ADHD + CD in childhood reported elevated levels of physical aggression when compared to Controls and the ADHDonly group. Individuals diagnosed with ADHD + ODD had elevated levels of verbal aggression compared to Controls. Additionally, both comorbid groups experienced significantly greater amounts of anger, but not hostility, as compared to Controls. Importantly, the persistence of ADHD symptoms into adolescence accounted for most group differences in verbal aggression and anger at follow-up, but not physical aggression, which was accounted for by childhood CD. These data suggest that adolescents diagnosed with ADHD and comorbid DBDs during childhood report high levels of aggression associated with increased emotionality in the form of anger, but not hostile cognitions. These findings suggest that in addition to inattention and hyperactivity/impulsivity, emotional dysregulation may be an important component of ADHD, particularly as it presents in adolescence.
